Abstract. Potato (var. Rekord) was cultivated for three years in a sandy field. It was given various levels of three fertilizers the N, P and K composition of which in percentages was 7-11-12, 18-3-12 and 27.5-0-0. The N levels were 0, 80/60, 140/120 and 300/240 kg/ha (1983/1984-85), but the P and K levels varied according to the composition of the fertilizers. In the first year the yields were high regardless of fertilization. The following years the yields were clearly highest in the plots where the fertilizer 7-11-12 was used. This was due to insufficient P and K supply in the other plots. With increasing N fertilization the starch content and mealiness of the tubers decreased and the flavour was degraded. The two higher N levels yielded a considerably higher nitrate content than was measured in tubers from unfertilized plots and those receiving the lowest levels of fertilizers. The present results point out the significance of appropriate N fertilization for potato. A certain N amount was necessary to produce a quantitativelysatisfactory yield but excessive amounts had an adverse effect on the quality. P and K were of minor importance for the quality in this experiment, but abundant P and K fertilization was needed for optimum yield formation. Maintenance of soil K level proved difficult in continuous potato cultivation.
Introduction
Recently, the unsatisfactory quality of table potato has been a topic frequently discussed in Finland. Investigations of the National Board of Trade and Consumer Interests have revealed that in 1983 about 30 % of the potato bags available in shops did not fulfil the quality requirements set for table potato (Anon. 1984) . The degraded quality of potato has often been attributed to changes in potato cultivation during the last two decades: In Finland, a great deal of potato is grown in specialized farms with insufficient field area for proper crop rotation. Fertilization has also been blamed. An opposite point of view is the improper handling and storage.
The primary purpose of this three-year experiment was to study the response of potato quality to unbalanced and excessive fertiliza-JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND The yield of the two middle rows of each plot was weighed and the tubers were divided into three size fractions: smaller than 25 mm, 25-55 mm and larger than 55 mm. These fractions were also weighed separately. The potatoes of the middle size fraction were analyzed for starch by weighing in water and in the air at Hämeen Peruna Oy. In 1983, also nitrate nitrogen and ascorbic acid (vitamin C) were determined. Nitrate was extracted with water and ascorbic acid with a mixture of acetonitrile and water (1:1 v/v). The measurements were done by liquid chromatography. The cooking quality of the middle size fraction was evaluated by grading the tubers for flavour and mealiness. The rating of Lugt and Goodijk (1959, ref. Ellala et al. 1971) as modified by Ellala et al. (1971) was used. This rating, using scores from 1 to 4, was done by the same six trained examiners every year in October-November. Soil samples were taken at the beginning of the experiment from each block and after the trial from each plot. The samples were analyzed for P, K and Ca according to Vuorinen and Mäkitie (1955) .
The results for mealiness and flavour were tested statistically with Wilson's non-parametric analysis of variance (Wilson 1956 ) and other results with the common analysis of variance and with Student-Neuman-Keuls' test as well as with correlation analysis (Steel and Torrie 1980) .
Results

Yields
The tuber yields are presented in Table 2 . Compared with the unfertilized yields, increases of 36 %, 25 % and 11 % were obtained by the lowest levels of the fertilizers 7-11-12, 18-3-12 and 27.5-0-0, respectively.
There was a slight but statistically insignificant tendency of the yields to increase as the dose of a certain fertilizer was elevated to the second level and, in case of the fertilizer 18-3-12, further to the highest one.
The yield of the size fraction 25-55 mm correlated closely (r = o.92***) with the total yield and averaged 76 % of it. The percentage of small tubers was highest in the unfertilized plots ( Table 2 ). The percentage of the large tubers (> 55 mm) increased slightly with increasing fertilizer level.
The yields decreased sharply from year to year, the overall averages of the experiment in various years being as follows: In 1983, there were only small differences between the yields of the various fertilization treatments (Fig. 1) . Even the unfertilized plots yielded as much as 28.1 t/ha. In the following years the differences widened, and in 1984 and 1985 the fertilizer 7-11-12 produced considerably higher yields than did the other ones.
Chemical composition of the yield The content of starch ranged from 11.1 % to 17.9 %, mean 15.2 %. The unfertilized potatoes exhibited the highest starch content, mean 16.5 %. The fertilizer 27.5-0-0 produced tubers higher in starch content (15.9°7o ) than did the two NPK fertilizers (14.7 %). The starch content decreased with increasing fertilization and correlated closely with starch yields (r = o.9B***) (Table 3) .
Fertilization had a major influence on the NOj-N content of the tubers. Despite the great variation between the blocks there was a clear tendency of N0 3 -N content to grow three-to-sixfold as the fertilization was increased from N 80 kg/ha to N 300 kg/ha. The nitrate content was, however, equal in tubers fertilized with 80 kg N/ha and those not fertilized at all. The vitamin C content was highest in the unfertilized tubers and lowest in those given the highest levels of NPK fertilizers.
Mealiness and flavour
The average scores given to cooked potatoes (Table 4) were the lower the larger quantities of fertilizers had been applied. The fertilization rate had a statistically significant effect (***) on the mealiness and flavour, but the (1971) . The plots receiving higher levels of fertilizers produced tubers of inferior mealiness and flavour with only few exceptions. The scores given by various examiners were studied with correlation analysis (Table 5 ). The correlation coefficients between the scores for mealiness were considerably higher than those for flavour. The scores given by the examiner number five were systematically lower than those given by the others.
Soil analyses
The various fertilizer treatments had caused considerable changes in soil fertility parameters (Table 6 ). The soil pH had decreased slightly, the more the higher levels of fertilizers had been applied. The amount of exchangeable Ca had decreased consequently. The amount of exchangeable K had decreased in all plots except in those receiving the highest level of the fertilizers 7-11-12 and 18-3-12. Soil P was the higher the more P fertilization had been given. Despite the excessive fertilizer levels given to certain plots, the electrical conductivity reflecting the salt content of the soil solution was practically equally low in all plots. This shows that ions not taken up by the crop and not sorbed by the soil (mainly nitrate, sulphate and chloride) had leached from the soil. The leaching had probably occurred mainly with soil Ca the amount of which had decreased most in the plots receiving the highest amounts of fertilizers.
Discussion
A potato crop of 30 t/ha contains N 120-140 kg/ha, P 15-20 kg/ha and K 190-240 kg/ha (Varis 1973 a) . Despite the rather • Each column, omitting the values before the trial, was tested separately, n.d. = not determined low P uptake, the potato crop usually responds to high P doses up to 130 kg/ha. The P and K requirement of potato was in this experiment satisfied only with the fertilizer 7-11-12, particularly designed for table potato. Despite a very unbalanced fertilization in certain plots, rather high yields were obtained in 1983 from all plots with only small differences between the fertilizer treatments, because the crop utilized the soil reserves of P and K. In the following years, the nutrient reserves of soil, especially those of K, were exhausted in the coarse soil. In the plots receiving the fertilizers 18-3-12 and 27.5-0-0 it was the supply of P and K which in the latter years had obviously limited the yield formation. Even the lowest level of the fertilizer 7-11-12 in which 103 or 137 kg K/ha was applied could not prevent the depletion of soil K reserves. Only the highest level of that fertilizer elevated the amount of exchangeable K in the soil. On the contrary, the level of easily soluble P was much more easily maintained. N fertilization of 100 kg/ha and 110 kg/ha have produced the highest yields in the factorial experiments of Varis (1973 a) and Tähtinen (1977) , respectively. In the present trial, the maximum yield obtained with the fertilizer 7-11-12 was reached at the second fertilization level with the N level of 140/120kg/ha. This result may partly be due to the simultaneous increment of K the quantity of which may not have been sufficient at the lowest level of the fertilizer 7-11-12. Yet, the yield increase attributable to the increment of the fertilization from the first to the second level was small. The experimental design used did not allow detailed evaluation of the influence of single nutrients. The evaluation of mealiness and flavour of cooked potatoes is dependent on the personal appreciations of the examiners, and the standardization of the scale is therefore difficult.
In the present experiment, the examiners were obviously more in agreement about the mealiness than they were about the flavour. The scores of mealiness and flavour were the lower the more N had been applied to the plots and not at all dependent on the doses of P and K given. Although comparison of the absolute scores given by different examiner groups is somewhat questionable, the investigation of the trends found in other studies is well justified. The lowering of scores of flavour and mealiness due to increased N fertilization has earlier been reported by e.g. Varis (1970 a and b, 1973 b) . Also Ellala et al. (1971) noticed that the flavour and mealiness of potato were decreased as an NPK dose twice the recommended one was applied.
On the contrary, the remarkable observation that the scores given were not dependent on the doses of P and K apparently disagrees with numerous papers. Hahlin and Johansson (1973) reported that P fertilization improved the flavour. Varis (1973 b) made a similar observation about P fertilization and mealiness. In addition, the disadvantageous effects of Cl on the quality, applied as KCI in the fertilizer 18-3-12, were not displayed.
Compared with K 2 S0 4 , KCI should decrease mealiness (Varis 1970 b, Black and White 1973) and flavour (Hahlin and Johansson 1973) . On the other hand, the blackening of cooked potatoes which is a major disadvantage of Cl was not determined in the present study.
The above anomalies in the response of mealiness and flavour to fertilization can partly be explained by the differences in starch content of the tubers. Excessive N fertilization was associated with low starch content which is an indication of delayed maturation, a phenomenon frequently presented in the literature (e.g. Varis 1973 a) . Now, for some reason, the starch content and thus the scores given were constant on a certain N level regardless of the fertilizer used. The favourable effect of P and the adverse effect of K (Varis 1973 a) on the starch content could not be distinguished at the lowest level of fertilization, probably due to the small amounts of P and K, not exceeding the physiological requirement of the crop. Also the quantity of chlorine was small in the lowest dose of the fertilizer 18-3-12. When the fertilization was increased the disadvantageous effect of excessive N seemed to overrule and it may have masked the other influences.
Besides the lowering of starch content, too high N doses also strongly elevated nitrate concentrations in the tubers. This shows that potato could not process nitrate nitrogen into ammonium as effectively as N had been taken up at the higher N levels. A high nitrate content may also reflect the unmaturation of tubers. The nitrate contents of the potato fertilized with the lowest fertilizer doses were in agreement with the study of Mäkäräinen (1984) which was based on 303 potato samples.
Further, Carter and Bosma (1974) showed that the nitrate content of the tubers increased steadily with increasing N fertilization. The highest concentration reported by them was 130 mg/kg which is near the maximum of this study.
The present results point out the importance of appropriate N fertilization for table potato. A certain N dose is needed to produce an economically satisfactory yield, but the quality of potato seems to be detrimentally influenced by excessive amounts. The quality was obviously not equally sensitive to the unbalances in P and K nutrition, which supports the observations made by Varis (1973 b) . Abundant P and K fertilization was, however, extremely important in maintaining the soil fertility and thus the quantity of the yield.
